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Abstract 
 
Concrete walls have been largely use for the construction of Brazilian social housing even if presenting bad results on thermal 
performance. Studies indicate the necessity of system changes to improve its performance. In this paper, the thermal performance 
of concrete walls was analyzed according to prescriptive and simulation methods presented in Brazilian standards for climate 
differences. A typical four story-housing model was tested in its original design and with building systems improvements. This 
study aims to explicitly the differences in results between the standard’s prescriptive and simulation methods and also addresses 
the efficacy of system changes to improve the building envelope thermal performance for each Brazilian Bioclimatic Zone (BZ). 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Faster constructive systems have being adopted in scale production to reduce the Brazilian’s housing deficit. In this 
context, concrete walls and slabs have been increasingly used throughout the country, regardless the local climate [3] 
even when they do not comply with the thermal minimum requirements of Brazilian standards [6-7]. The thermal 
transmittance (U, W/m2.k) of walls and roofs is one of the most important parameters, which influence the building 
thermal performance in Brazilian prescriptive standards along with the establishment of minimum areas for daylight 
and natural ventilation [1-2, 4-5]. Building simulation can be applied to verify the thermal performance of systems 
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that do not meet the prescriptive limits established. Many studies have been carried out on thermal behavior analysis 
of social housings related to Brazilian standards [6-8]. This paper aims to discuss trough a study case, Brazilian 
regulation’s differences and similarities when addressing residential building thermal performance and also to verify 
the thermal impact of changes in concrete building envelope for eight Bioclimatic Zones (BZ). 
 
 
 
2. Characterization of the Brazilian Thermal Performance Standards 
 
The country counts with four regulatory instruments in force that address the thermal behavior of a residential 
building: NBR 15.220 (2005) [1], Blue House Labeling (2010) [5], NBR 15.575 (2013) [3], and RTQ-R (2012)   [4]. 
The first standard refers to single-family social housing up to three floors. It establishes eight Brazilian Bioclimatic 
Zones (BZ), and sets specific constructive guidelines for each zone [1]. The Blue House Labeling published by the 
Federal Savings Bank, has the scope to attest the sustainable nature of social interest housing constructions presented 
in financing processes or included in mortgage programs. Adherence to the certification procedures is voluntary. There 
are three categories classification according this instrument: Bronze, Silver and Gold with specific mandatory and 
classification criteria [5]. To evaluate the thermal performance of a residential building according to NBR15.220 [1] 
and to Blue House Labeling [5], prerequisites compliance should be checked. 
NBR 15.575 is mandatory and establishes performance for new housing in thermal, acoustic, luminous and 
structural aspects, along with fire safety and durability. Performance criteria are set for Minimum (M),  Intermediate 
(I) or Superior (S) compliance. The building must satisfy specific limits for thermal transmittance (U), thermal 
capacity (TC), solar radiation absorptance (α), as well as minimum areas for ventilation and daylight for the BZ in 
which it is located. If these limits are not meet, the building must be revaluated by computer simulation [2]. 
RTQ-R, the “Technical Quality Regulation for the Energy Efficiency Level of Residential Buildings” is voluntary 
and has it application regulated by the National Institute of Metrology (INMETRO). The building classification 
achieved by this labeling method informs the performance of residential buildings ranging from A (more efficient) to 
E (less efficient). An Envelope Numeric Equivalent (EqNumEnv) is assigned to each requirement and the building is 
classified according to its final score, being 5 a Numeric Equivalent given to “A” classifications and 1 a Numeric 
Equivalent given to “E” classifications. The compliance to prerequisites and also the thermal performance of building 
envelope in summer and the energy consumption for heating in winter give a final classification for each housing unit 
according to the BZ. If the building does not comply with any of prerequisites - window minimum areas, thermal 
transmittance, solar absorptance (α) or thermal capacity of surfaces - the residential unit will get a maximum class 
“C” on its EqNumEnv, both envelope for summer and winter. The final EqNumEnv of each Housing Unit is calculated 
as showed in Equation 1, where (a) and (b) are complementary weights (their sum is 1) according to the influence of 
summer (s) and winter (w) in each BZ. So for BZ1: a= 0.08; for BZ2: a= 0.44; for BZ 3: a=0.64; for BZ4: a=0.68; and 
for BZ5, BZ6, BZ7 and BZ8: a = 1 as there’s no winter  season. 
Nomenclature 
α Solar Radiation Absorptance Value 
ABNT Brazilian Association of Technical Standards 
BZ Bioclimatic Zone 
TC Thermal Capacity (kJ/m²K) 
CDH Cooling Degree Hours 
ENCE National Energy Conservation Label 
EqNumEnv Envelope Numeric Equivalent 
HC Heating Consumption (kWh/m².year) 
INMETRO National Institute of Metrology, Quality and Technology 
NBR Brazilian Standard of ABNT 
PBE Edifica Brazilian Buildings Labelling Program 
RTQ-R Technical Quality Regulation for the Energy Efficiency Level of Residential  Buildings 
U Thermal Transmittance (W/m²K) 
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EqNumEnv = a. EqNumEnvs  + b. EqNumEnvw (1) 
CDH= ∑ (To  - 26°C) (2) 
To= A .Ta+ (1 – A).Tr (°C) (3) 
The values of EqNumEnv can be established both by a prescriptive equation (in which 34 variables, such as 
envelope areas, orientation of surfaces, the presence of direct contact with ceilings or soil, and the thermal 
characteristics of the envelope components are taken into account) or by computer simulation. In both methods the 
envelope performance during summer is estimated by Cooling Degree Hours (CDH) obtained according to  equation 
2 where To is the operative temperature, obtained using equation 3, where Ta is the room air temperature, A is a 
constant related to room air velocity (m/s) and Tr is the mean radiant temperature. For winter period, the performance 
of the Housing Unit is evaluated by Heating Consumption (HC) of the annual energy required for heating rooms and 
maintaining an indoor minimum temperature of 22°C (kWh/m2.year) - equation 3. The temperature limits of 22 and 
26°C are not considered as thermal comfort temperatures but are used to compare different designs [4]. 
This study investigated the envelope thermal performance of a multi-family social housing building according to 
the cited regulations. It also investigated the impact of design changes in the compliance and or the classifications set 
by these standards. Thermal performance prescriptive requirements are considered for all standards as well as 
computer simulations for NBR 15.575 [2] and RTQ-R [4]. The study was carried out for the eight BZs [1] and 
simulations were carried out using Energy Plus Software. 
 
3. Residential building original characteristics and proposed changes 
 
The study case chosen is a 4 story social housing, built on concrete walls 10 cm thick (U=4.40 W/m²K, α= 0.4), 
which design was provided by a nationwide contractor and that has been built in various cities in Brazil. The building 
has an H shape plan, and four apartments per floor with 2 bedrooms and 40m² each one (Figure 1). The roof is 
composed by a concrete slab 10 cm thick covered by a fiber-cement tile (U=2.07W/m²K, α=0.8). The apartments have 
no lining with a ceiling height of 2.50m. The windows consist of aluminum frames with clear glass without shutters. 
a  b  c 
Fig. 1. (a) Floor Plan of the study case; (b and c) Facade 1 and 5, respectively, of the building case. Source: Building Company’s file. 
 
The prescriptive method of the four standards was used to analyze the thermal performance of the housing unit’s 
envelope. They were analyzed as originally planned in two orientations (as seen in Figure 1a - N1 and N2). 
Modifications were then introduced in two phases: 1) ventilation opening area was increased in bedrooms and living 
room that have not reached the minimum area required by the standards and the roof was insulated with two different 
materials: fiberglass 63.5 mm thick (U=0.53W/m²K) or with an aluminum foil (U=1.13W/m²K). 2) Two options of 
thermal insulation were added to the walls: vermiculite added to the concrete (U=2.03W/m²K), or Expanded 
Polystyrene - EPS 2 cm thick (U=1.40 W/m²K). Walls and roof composition is showed on Figure 2. 
 
 
 
 
a b c d e f 
Fig. 2. (a) Wall 1: concrete 10 cm thick; (b) Wall 2: Concrete with vermiculite; (c) Wall 3: Concrete with EPS; (d) Roof 1: Concrete slab with fiber- 
cement tile; (e) Roof 2: Roof 1 with fiberglass and (f) Roof 3: Roof 1 with an aluminum foil added. 
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4. Thermal Performance of the building envelope - Prescriptive method 
 
Table 1 shows the compliance of the given walls and roofs according to the prescriptive thermal performance limits 
of the Brazilian standards for the eight BZ studied. It can be seem that compliance values are sometimes slightly 
different form one standard to the other, especially when NBR 15.220 [1] is considered. The standards have two U 
value limits for the walls according to the external solar absorptance (α), except for NBR15.220 that considers just 
one U value limit. The U value of the 10 cm concrete wall was not approved by any standard. Only the concrete wall 
with EPS (wall 3) met the U value limit for all zones. The wall with vermiculite (wall 2) did not meet the minimum 
thermal capacity required by the standards, except for BZ8 that does not have a minimum TC value. When roofs are 
considered, only roof 2 and 3 comply with the standard limits for all zones. If roof 1 was painted in light colors, it 
could meet the thermal performance limits for all standards, except for NBR 15.220. 
Table 1. Walls and roofs compliance with minimum thermal performance of NBR15.220, NBR 15.575, RTQ-R and Blue House Labeling – 
considering U value limits, absorptance limits and thermal capacity limits. Source: [1- 2, 4- 5]. 
 
 
 
 
 
 
 
 
Legend: Regulation limits: Minimum values for level “A” on RTQ-R; Maximum limits for walls or minimum limits for roofs; Values for 
compliance with Intermediate or Superior limits for roofs on NBR 15.575. Results: Component complies with the minimum  thermal 
requirements in all standards;     Component does not meet the requirements of one or more standards.* There is no minimum TC value for BZ8. 
Table 2 shows the results of the EqNumEnv obtained by the application of the prescriptive equation proposed in 
RTQ-R for summer and winter (as described in item 2 of this paper). Results present an average of the classifications 
obtained by the housing units located on the 1rst, 3rd and 4th floors. It is important to note that the EqNumEnv are 
limited to the maximum prerequisite classification obtained. And the roof U value has influence only on the 4th floor 
units. The intention of this analysis is to verify the classifications variation according to different walls and roofs 
thermal characteristics and not to specifically analyze each housing unit. 
Table 2. Average classification of the Housing Units according to RTQ-R, when different walls and roofs are considered. Source: [4]. 
 
 
 
 
 
 
 
 
Legend: Classification according to RTQ-R - A (EqNumEnv ≥ 4.5) B (3.5 ≤ EqNumEnv ˂ 4.5) C (2.5 ≤ EqNumEnv ˂ 3.5) D (1.5 
≤ EqNumEnv ˂ 2.5) E (EqNumEnv < 1.5). PR: maximum classification obtained when pre-requisites are considered for: daylighting, natural 
ventilation, U value limits for walls and roofs. 
Results showed that the noncompliance of the minimum ventilation area of openings in the original design brought 
worse results for summer when compared to the other construction solutions. It was noted that the noncompliance to 
the prerequisites lowered the final classifications to all housing units, more notably in winter. It can be also noted in 
Table 2 that the wall more insulated (wall 3) presented better a performance for summer and winter in all zones. It 
was also noted that the concrete wall with vermiculite (wall 2) presented much lower classifications than wall 3, except 
on BZ8 because in this zone there is no requirement of minimum TC and the pre requisite is not limited to “C”. 
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5. Thermal Performance of the building envelope - simulation method 
 
NBR 15.575 indicates different simulation conditions in which: a) the air change rate per hour can be set to 1 or to 
5 ACH; b) simulation is carried out with the presence or not of shutters in bedrooms. Simulations must be carried out 
to a typical day in summer and in winter considered as the one presenting higher or lower external temperatures (ET). 
Internal temperatures (IT) must be within given limits in order to comply with the standard Minimal (IT = ET in 
summer and IT = ET + 3°C in winter), Intermediate and Superior classifications. 
Table 3 presents the percentage of housing units that comply with NBR15.575 classifications in summer and in 
winter for different walls and roofs compositions. In summer, minimum performance is more easily obtained when 
air renovations are set to 5 ACH even when the original design (wall 1 + roof 1) is considered. However, even with 
1ACH a small percentage of units do not meet the minimum conditions and only for BZ8 (hot and humid climate). 
The presence of thermal insulation generally resulted in higher compliance to Superior conditions. It was also verified 
that the shutter inclusion in bedrooms improved the compliance to Superior conditions in summer, especially with 1 
ACH. Roof 2 generally presented a better performance than roof 3, for all conditions. The wall system with fiberglass 
was similar to that with EPS, especially for 1 ACH. It also can be noted that the wall with vermiculite had lower 
classifications than the original design in BZ1 and quite better in other zones, especially in BZ3. The building 
simulation, with winter parameters, showed that all housing units comply with the Minimum classification limits and 
that in BZ3 and BZ4 Superior classification was obtained for all building systems even for original the design. 
Table 3. Percentage of units that comply with NBR15.575 in summer and in winter, given different simulation conditions. Source: [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend:  Housing unit Does not comply with the given conditions; Complies with Minimum Intermediate Superior conditions. 
 
The presence of shutters in the bedrooms did not show a significant influence on the unit performance. Finally, 
it was noticed that an insulation increase did not contribute higher compliance classifications, except for BZ2 where 
a gradual performance improvement could be noted. It was considered that the roof with aluminum foil had a 
similar performance to the roof with fiberglass insulation. In sum, the systems that showed a better performance 
were: a) the concrete wall with EPS (wall 3) for all zones, b) the concrete wall plus vermiculite (wall 2) for ZB5 
followed by the roof with aluminum foil (roof 3) for BZ2. 
Table 4 shows the RTQ-R average classification obtained by the simulation method considering the housing units 
located in the 1st, 2nd and 4th floors. Considering the penthouse apartments, in orientation 2 (N2) that showed the worst 
results on the prescriptive analysis, it can be noted that the simulation method in general indicated better results in for 
CDH (summer) and worse results for HC (winter). The wall insulation increase did not improve the HC, but improved 
the classification for CDH. It should be noted that for colder zones (BZ1 and 2) the HC (winter) classification has a 
major influence in the final score while in BZ3 and 4, the higher weight is for CDH (summer). However, some 
exceptions were noted. When the original design was considered, the CDH for BZ7 was worse in the simulation when 
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A (EqNumEnv≥4.5) B (3.5≤EqNumEnv˂4.5) C (2.5≤EqNumEnv˂3.5) D (1.5≤EqNumEnv˂2.5) E (EqNumE
compared to the prescriptive results and for the other constructive systems, the results were similar on both methods 
without significant improvements. For BZ8 the result of CDH for the original design was also similar on both methods 
but for the other buildings systems the simulation presented worse classifications. The BZ7 and 8 are hot climate 
zones places with the presence of temperatures above 28°C for several hours in a day throughout the year, and the 
minimum temperatures normally are higher than 20°C, which brings a worse thermal performance, especially in the 
simulation  method that uses specific local data weather files. 
Table 4. Performance Class of Building obtained by the simulation method of RTQ-R. Source: [4]. 
 
 
 
 
 
 
 
 
Legend: nv< 1.5). 
 
6. Conclusions 
 
Results showed that the NBR 15.220 thermal performance limit values need to be revised, as the values proposed 
in this standard are slightly different form the ones proposed in the other 3 standards. But even with these differences, 
all prescriptions indicated that to comply with the standards presented in this paper, the concrete walls need thermal 
insulation and the roof does not need it if is painted in light colors. Results also indicate that the prescriptive methods 
tend to be more strict than the simulation results, as the last ones give better classifications to the housing units. Such 
happens in NBR 15.575 where buildings made on concrete walls can be approved only by the simulation method. And 
also in RTQ-R that indicates that the concrete walls would receive a final classification of C in the prescriptive method, 
but that generally perform better when thermal simulations are carried out. 
When the RTQ-R prescriptive method was applied to obtain the EqNumEnv, the response of the equations was 
different from what was expected when ventilation areas changed from one orientation to another. That may be 
because in the prescriptive equation was obtained using a climatic file for a specific city that may have different wind 
directions from the cities analyzed. In short, it was considered that the prescriptive method masks the improvement 
changes in the thermal performance of the construction systems and that the computer simulation indicated to more 
accurately evaluate the systems differences. 
The building performance is directly tied to design choices. Generally the revised design presented better results 
compared to the original design in both prescriptive and simulation methods. Simulations showed that a single variable 
does not individually imply in an unsuitability performance and that the building should be evaluated as a whole. It is 
also necessary further research of the concrete walls thermal performance used in different parts of the country. This 
study aims to collaborate with this demand. 
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